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Abstract
In line with a new way to look at materials, waste streams, and opportunities 
to utilize existing processes within our environment, this project examines 
the potential for developing interspecies relationships, in this case 
involving the caching behavior of blue jays, to help form landscape. In 
developing this new relationship, we can take advantage of thousands of years 
of mutual evolution between jays and tree species. By increasing or effectively 
turning up one behavior (satiation of blue jays so that they cache more seed) 
and decreasing another (human behavior of mowing and leaf collection), this 
seed dispersal method can be guided in urban areas where jay populations are 
present. Analysis of the urban matrix for key criteria of canopy connectivity 
and food availability, as well as distance from larger habitat systems, will 
determine viable planting areas for oak and other large-seeded tree species. 
On-site factors such as presence of observers and surface treatment can work 
to encourage this caching behavior in the formation of a new aesthetic. By 
combining the idea of Jane Bennett’s “thing power” with utilization for use in 
landscape architecture, we can engage our environment and our imaginations for 
guided and beneficial outcomes.
Key terms: interspecies relationships, urban caching behavior, blue jay seed 
caching, cyanocitta cristata urban seed dispersal
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Introduction
We have just begun to see the potential that our environment holds in offering 
new ways to see and utilize our surroundings. Biomimicry takes lessons from 
nature to inspire advances in technology and medicine. Energy is found in 
new sources—generated by waves, sun and wind. Plants are being enlisted to 
remediate soil and water, we are rethinking materials as resource instead of 
waste, and re-establishing mutualistic bacteria in our own gut—and the list 
goes on. 
Landscape and design are also investigating this emerging sensibility. Work by 
David Hays, Professor in Landscape Architecture at the University of Illinois, 
and Analog Media Lab offers a focused look at our environment in response to 
temperature, dimensional changes and species habitat, which if amplified by 
repetition or context makes visible otherwise minute shifts and relationships. 
By stacking and attaching basswood and polyethylene together, response to 
environmental temperature and thermal expansion becomes evident in the study 
Bundled Actuator (Figure 1) (Hays, “Bundled Actuator: Prototype”).  
Figure 1: Bundled Actuator, Analog Media Lab: readings from left to right, 30°F, 
60°F, 90°F (Hays, “Bundled Actuator: Prototype”).
Catherine Seavitt Nordenson, in the Jamaica Bay project, made strategic 
interventions with energy/force interrelations to utilize currents of sand 
and water to build barriers that help to mitigate effects from storm surge 
(“Creating a More Flood-Resistant Jamaica Bay”). Oceanic atoll structures 
inspired a design in which strategic placement of dredge material formed rings 
within the bay, allowing sediment to collect and accrete upward, building upon 
themselves. The Atoll Terrace structures were a way to accomplish what the 
Army Corps of Engineers was attempting to do but with much less material and 
human effort. The Jamaica Bay project offers a solution of wind, sand and water 
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current utilization to help form these marsh barriers in a state of constant 
flux, of motion and movement of sediments and sand (“Creating a More Flood-
Resistant Jamaica Bay”).
Landscape architect Kate Orff is putting fuzzy rope infrastructure in place 
to allow oysters to rebuild New York City’s river health, acting as storm 
barrier and new food source. Named Oyster-Tecture, this project re-imagines 
a connection and merging of urbanism and ecology in a new way—with new tools 
and “new heroes,” the Eastern oyster (“Oyster-tecture”). This plan attempts 
to allow agency of oyster species to aid in combating storm surge and to act 
as living barrier and wave attenuators. By gathering local community members 
to construct fuzzy rope infrastructure, Orff increases public awareness and 
predicts a new regenerative and edible future in the Gowanus Canal.
This value of seeing and affording environmental processes as landscape 
architecture is being explored on many fronts. What I am investigating is 
a new relationship and dialogue with our environment in a view of human 
interdependence and in awe of the processes swirling around us at any given 
moment. This new relationship and way of creating landscape does not bend to 
human will, but is a way to guide or sculpt process for a desired outcome, and 
to create openings within which nature can perform. As humans we will always 
crave some type of aesthetic and control within our environment. I propose 
looking beyond putting and placing, and instead adjusting and influencing 
factors that may then come together in a meaningful way.
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Species Agency and Environmental Affordance
To understand why this new relationship is important, I look to the work of 
Vibrant Matter author and professor of political science at Johns Hopkins 
University, Jane Bennett. Bennett recognizes human and non-human vital 
materiality in the agency and phenomena of everyday things, and like Bruno 
Latour, recognizes the participation and active network within everyday events 
(Bennett 2010). 
At the root of Bennett’s investigation of “thingness” is the concern for 
social and political over-consumption, positing that in order to better 
understand consumer culture (and change course on climate change), we must 
also understand the non-human actants inside social practices. She explains 
that true seeing of things (or other beings) does not include utilization, 
fetishism, anthropomorphism, or subjectivity. Instead material is seen for its 
agency and ability to be porous and to cross boundaries (Bennett 2010). This 
can be seen in chemical membranes mingling, in off-gassing of everyday objects, 
or in chemical recompositions that occur in landfills. 
Though Bennett believes that utilization runs counter to the theory of 
materiality, I believe utilization is a contemporary way to employ and 
allow agency of actants within our environment. Combining “thing power” 
with utilization for use in landscape architecture can help us engage our 
environment and our imaginations for guided and beneficial outcomes.
Re-seeing our environment and “consumed” goods not as value-lacking waste, 
but as vital materiality, is demonstrated in the work of Catherine De 
Almeida, associate professor at University of Nebraska. Her research and 
design titled Landscapes of Embedded Energy and Energy Afterlife (2013) is 
a two-part investigation of material flow in the life-cycle of geothermal 
energy production. It envisions the materiality and value of process effluent 
in production of algae, new vegetation, and bathing ponds for tourists 
(De Almeida, “Energy Afterlife: Choreographing the geothermal gradient of 
Reykjanes, Iceland”). 
Influential 20th-century psychologist James J. Gibson explores environmental 
perception and awareness through his theory of affordance. Relative and specific 
to each animal or species, affordance allows or invites a particular action or 
function: a sidewalk is “walk-on-able” while the surface of water is not, and 
  4
a sturdy structure with a flat surface at knee height is “sit-on-able” relative 
to each person. In other words, if the proper criteria for height, structure, 
horizontality and rigidity are evident, we perceive it as sit-able and we call 
it a seat (Gibson 1979). Like Orff’s Fuzzy-rope or Nordenson’s Atoll Terrace 
structures, changes within these environments can afford actions in which 
energies and species can perform. 
Contemporary work on Human-Animal Studies or Anthrozoology is an emerging field 
that explores the interactions between human and non-human species. This study 
is “primarily devoted to examining, understanding, and critically evaluating 
the complex and multidimensional relationships between humans and other 
animals” (pp.326). This area of research and theory has grown considerably in 
the past 30 years, in what some call the “animal turn,” and is thought to be 
a significant development in the relationship between humanities and social 
sciences (Armstrong and Simmons 2007). This turn can be viewed within a larger 
context of twenty-first century studies and intellectual development in areas 
such as affect theory, new materialism, new media theory, actor-network-theory 
and speculative realism known to some as the “nonhuman turn” (Grusin 2015).   
Our understanding of animals in human society has evolved from the illustrated 
natural history and mythology of the bestiary of the Middle Ages to 
domestication, art and popular culture, and to today’s interlinking of human-
non-human thinking (Armstrong and Simmons 2007).
A growing interest in animals as subjects rather than objects has emerged 
and is triggering a renewed interest in non-human agency, and Bruno Latour’s 
Actor-Network-Theory (A.N.T.) which maps relationships between human and 
non-human things, concepts and actions (Wilkie 2017). A.N.T. makes visible 
networks and complex ecologies of tributaries and accomplices (Latour 2008). 
Some argue that thinking about network theory and equality of agency lacks 
specificity in the importance of each actant and is without hierarchical 
depth, and therefore may result in a “decentered humanity by ...reducing the 
perceived distance between humans and animals” (Wilkie 2017, pp. 325). A 
decentered view could allow humans to see and interact with their environment 
in new ways, lessening control and affording or enabling more ecological 
function. 
In examining hierarchy and agency, William York and Philip Mancus break 
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down the important role that non-human animals played in the formation of 
societies, detailing the differences in development traced to the existence 
of large animals able to pull equipment and transport goods. However, the 
significance of these and other animals is often overlooked in Ecological-
Evolutionary Theory (a view that technological advances and related 
sociocultural systems determined the success or decline of human society) by 
Lenski and Nolan (York and Mancus 2013). The presence of animals, insects and 
organisms have helped to shape human existence, from the bacteria in our gut 
which allow us to digest, to larger animals that were hunted for food, leather 
and other materials. Domestication of animals allowed humans to harness a 
needed energy source for agricultural use which drove the development of many 
societies (York and Mancus 2013). 
In this thesis research I highlight Cyanocitta cristata (Northern blue jay) 
and the role that it can play in forming landscape—not as part of human-
created mythology or narrative, but by performing an intricate and complex 
function within ecology. By adjusting environmental factors such as surface 
material, height of vegetation or accumulation of leaf debris, landscape can 
afford a variety of actions. We can open our environment by altering human 
behavior to enable reaction and agency of other species. If we step away from 
modern behaviors to increase species agency, new landscapes will emerge; we 
can guide and encourage the formation of these landscapes. 
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Aesthetic of the Undefined
In A Landscape Manifesto, Diana Balmori argues for a new aesthetic, one 
that does not emulate pre-existing forms of nature but takes cues from it. 
She asserts that new public spaces should be pleasurable and stimulating, 
must support interactions between humans and other species, and must point 
to a new relationship and significance by a change in appearance—dissimilar 
to surrounding environments and not cloaked in the sentimental picturesque 
(Balmori 2010). 
In looking to urban areas, Anne Whiston Spirn compares the city to a pulsing 
and changing pattern of social and natural interactions, small stationary 
things and large systems. She sees the urban landscape as “a symphony of 
complex harmonies, which, although they can be savored at any given moment, 
evolve continually in time, in both predictable and unpredictable ways, in 
response [to] natural processes and changing human purposes. It is a symphony 
in which all the dwellers of the city are composers and players” (Spirn 1989).
These composers and players surround us at varying scales—whirling with the 
wind and water, struggling to still function in the soils beneath our feet and 
relinquished and sentenced to an encapsulated existence in pots and concrete 
cutouts along busy roadways. Renegade species, replaced by more acceptable 
options, still exist in the wind and settled in cracks and forgotten places.
Figure 2: Renegade chain-link tree fence, Logan Square, Chicago. Making visible 
wind-dispersed seeds: Fraxinus (ash), Alianthus (tree of heaven), Ulmus americana 
(American elm), Acer platanoides (Norway maple), and animal dispersed Morus 
(mulberry) (photo by author).
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Nature has defined roles and characteristics that, if allowed to play out, 
come together and interact, creating a push and pull, a relationship often of 
unequal footing, and a composition constantly changing and evolving. Instinct 
drives our actions, from standing still and solitary, to a back and forth of 
synchronization and balance at its most convivial. This project explores a 
relationship and dialogue between species and natural processes—a push and a 
pull, a drawing out of actions, and an exchange. 
Ignasi de Sola-Morales, a Catalonian architect and philosopher, wrote about 
the theory of the undefined as terrain vague in 1995, as places of wonder and 
imagination typically not included in the “normative way in which the city is 
organized” (Mariani et al. 2014). Forming our environment in this way need not 
be all or none, but as designers, environmentalists and artists, we can invite 
the undefined in, interact with it and encourage its formation. In a time when 
we are surrounded by fixed and pre-determined landscape, spontaneity and the 
undefined stand in contrast to the urban matrix of grids and parcels, ownership 
and political decisions. This project is not just against business as usual, 
but for new visions on how to form landscape. This way of thinking is not a 
longing for the past or a sentimental attachment to nature, but a way toward a 
future that faces increased competition for resources and human attention.  
Like Renegade Fence (Figure 2) or Catherine Seavitt Nordenson’s Jamaica Bay 
project, there are ways to employ these processes and forces in landscape 
design which rely less on resource intensive methods and instead take 
advantage of species’ evolutionary history or the force and energy that exists 
all around us. These are landscapes of a new aesthetic and sensibility, with 
unique patterns and formations. 
Morton Arboretum in Lisle, IL, offers a great service to the novice nature 
enthusiast and support to scientists studying new species for greater disease 
resistance. In its Plant Finder application (aimed at home gardeners as well 
as licensed landscape architects) it lists some trees as “messy” if they 
produce abundant seed or leaf material (“Search Trees and Plants,” Morton 
Arboretum). The Missouri Botanical Garden’s Plant Finder also has a visual 
leaning, labeling flowering as “insignificant,” fruit as “showy” and leaf 
as “Good Fall” color (“Plant Finder,” Missouri Botanical Garden). These 
institutions, and others such as public parks, teach people and act as an 
introduction and mediator to nature; we need to take advantage of these 
  8
platforms by switching out this outdated visual tally for a revised list of 
benefits—from feeding a variety of insects and animals, to canopy and root 
system size and how well they collect water and alter the humidity levels in 
our neighborhoods. 
The new aesthetic is “messy,” interactive, and alive-it smells of fungi and 
other microorganims that are perpetually creating structures that build and 
rebuild soils, it layers the surface with materials soon to decay and feed 
the system below. As humans we must acknowledge that our out-of-doors is not 
our indoors, and it is necessary to allow our environment to function, to be 
regenerative, and to afford natural processes that will re-form landscape. 
We can work to rebuild a tolerance of things that are not ordered, and an 
appreciation for and visibility of natural processes that will contribute to 
this new aesthetic.
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Background & History of Seed Caching
Seed caching is a method of storing food, displayed by a variety of animals 
from squirrels to birds and even ants (Myrmecochory). It is part of a larger 
animal-plant relationship called Zoochory in which animals are primary seed 
dispersers by means of ingestion and defecation, transportation by attaching 
to an animal’s fur, or by being carried away from the seed-producing plant and 
hidden, sometimes above ground in tree crevices or beneath the soil where a seed 
is likely to germinate. Seed caching is the latter and is often a mutualistic 
relationship in which the plant and animal species evolved together—relying on 
each other for food and propagation (Seckbach and Dubinsky 2011).
Corvids (such as jays and nutcrackers) have 
been found to have some impressive skills 
when it comes to caching seeds and helping 
to re-establish decimated forests (Figure 3). 
Research shows that these birds are choosy 
when it comes to gathering food and they 
tend to collect healthy seeds, transporting 
a multitude at a time (depending on seed 
size) and then flying miles away to cache 
them (Tomback et al. 1990). Corvids prefer 
the same climate as oak, walnut and pine 
trees and some scientists feel they can help move forests by caching seeds in 
more hospitable climates thus increasing tree populations that are declining 
due to environmental changes and encroachment by farming and urban sprawl 
(Pesendorfer et al. 2016). 
Cyanocitta cristata (Northern blue jay) and Quercus (oak) trees evolved together 
over thousands of years, forming a mutualism and dependence for survival.  
Jays rely on oaks for food and shelter and oak trees need jays for seed 
dispersal and genetic diversity. Seed distribution distances may work to increase 
biodiversity while the numbers of seeds cached can help sustain tree populations. 
In studies by Darley-Hill & Johnson (1981) and Johnson & Adkisson (1985), the 
number of caches by a single jay per season was estimated to be several thousand. 
Jays choose seeds that are likely to germinate—caching where they are less likely 
to be discovered by other animals or damaged by moisture, in favorable light 
conditions and at a depth that promotes germination (Hougner et al. 2006).
Figure 3: Image: Blue jay 
transporting acorns: two in 
the bill and a number in its 
gular pouch. ©  Don Freiday.
  10
A recent study on blue jay scatter-hoarding behavior found that after seed 
selection, jays cache in a variety of locations, from suitable to non-suitable 
jay habitat, and within and between oak species patches. Spatial patterns vary 
depending on specific animal behaviors, and dispersal of seed can be guided 
by factors such as area avoidance, habitat preference and foraging behavior 
(Pesendorfer et al. 2016). Tree species reliant on scatter-hoarding animals 
for dispersal include Quercus (oak), Fagus (beech), Juglans (walnut), Carya 
(hickory), Corylus (hazelnut), Castanea and Aesculus (chestnut), as well as 
a small number of Pinus (pine) that have evolved into more dependent large 
seeded species (Pesendorfer et al. 2016).
A study of pollen data shows movement of tree species of Quercus, Fagus, and 
Castanea northward after the glacial period 18,000 to 5,000 ago (Figure 4)—
thought to be the result of blue jay caching (Johnson and Webb 1989).
Figure 4: Maps show pollen percentage of (A.) Quercus (oak), (B.) Fagus (beech) and (C.) 
Castanea (Chestnut) from 18,000 to 500 yr BP. Contours are for 5%, 20% and 40% Quercus 
pollen; 1%, 5% and 10% Fagus pollen; and 1%, 3% and 6% Castanea pollen. Crosshatching 
indicates the location of the Laurentide ice sheet (Johnson and Webb 1989).
A.
B.
C.
Biologists and ecologists have studied animal caching behavior in great 
detail, but more recent concerns about climate change have increased the 
interest in scatter-hoarding birds, such as blue jays, thought to be a 
keystone species in oak forest ecology (Pesendorfer et al. 2016). Corvids 
provide regulating and supporting ecosystem services such as maintaining 
tree species within forested areas, spreading seeds and increasing genetic 
diversity, pollination, nutrient cycling and pest and insect control resulting 
from foraging behavior. 
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Despite scientific interest, these services have been difficult to quantify. 
Insectivores are beneficial in decreasing pest populations in agricultural areas 
and in return increasing yields in some cases, and granivores can be successful 
in controlling weed species in farm fields. However the impact from the nearly 
33% of birds that disperse plant seeds is more difficult to quantify due to an 
overlap with other seed dispersing animals, indirect correlations of ecological 
services, and gaps in precise understanding of species habits (Wenny 2011).
Jay caching case study
As ecologists and foresters begin to utilize corvids in reforestation 
projects, the case is being made for caching as an economic approach. For 
example, studies by Diana F. Tombak (2001) of Clark’s nutcracker point to the 
role that these birds play in reforestation of whitebark pines in Yellowstone 
National Park, a benefit estimated at $2,190 per hectare (Wenny 2011). A 2005 
study of the 2700-hectare National Urban Park (NUP) of Stockholm, Sweden, 
shows the importance of Siberian jays for dispersal and planting of Quercus 
acorns (Hougner et al. 2006). 
The study calculates the total cost for manual reforestation of Quercus 
species within the NUP in a one-year period as SEK 47,512 (US $5,837). 
This values each pair of jays in the park (that provide the same service) 
at a minimum of SEK 35,000 (US $4,300), or SEK 160,000 (US $19,657) if the 
alternate manual method is done by planting saplings (Hougner et al. 2006).
In another case, Aphelocoma insularis (Island Scrub-Jays) are thought to be 
responsible for the reforestation of oak and pine trees after devastation 
by feral sheep introduced to the Channel Islands, California, in the 1840s 
(Figure 5). Mass vegetation loss and extinction of several bird species 
(including A. insularis, the Island Scrub-Jay) on Santa Rosa Island is thought 
to have been the result of the introduction of these ungulates. Recognizing 
the value that these corvids offer in maintaining vegetation and ecology on 
the islands, Federal agencies are now working to protect and increase the 
population of Scrub-Jay species, estimated to number just 3,000 in a 2009 
Wildlife and US Geological Survey (Morrison et al. 2016). A series of measures 
are being considered including vaccinating against West Nile Virus, captive 
propagation, and the introduction of the species on nearby islands (Morrison 
et al. 2016). 
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Figure 5: Left, remnant oak woodland on Santa Rosa Island, 2008. Vast areas of the 
island, especially in the higher elevations, had been stripped of woody vegetation. 
Photograph by Scott A Morrison. Right, an island scrub-jay with acorn, Santa Cruz 
Island. Photograph by Colin Woolley (Morrison et al. 2011).
The study of corvids, in particular jays and nutcrackers, has shown a history 
of ecosystem services that, with increasing concern for our environment, have 
driven new thought on how to leverage this mutualistic behavior in large-scale 
reforestation efforts. We may be able to utilize this behavior in planting 
small-scale and urban areas as well.
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Patterns of Behavior
Corvids have predictable patterns of behavior from foraging habits and seed 
selection, area avoidance due to predation threats, social structure and 
reactions to conspecific (same species) observers, distance traveled and cache 
site selection. These scatter-hoarding birds have evolved to form physical and 
behavioral adaptations that influence seed selection. Physical adaptations of jays 
include their “chisel-like” bill, dexterous feet for holding nuts while perched 
in a tree, and expandable gular pouch (esophagus) for transporting multiple seeds 
at one time. Nut trees also facilitate this relationship with seed shape and size 
that affords being transported, and a smooth shell which allows for packing and 
disgorging by birds once they reach a cache site (Johnson and Webb 1989). 
Jays are important in oak forestation while nutcrackers are primarily pine 
seed hoarders. Because of the nutcracker’s habitat region and prevalence of 
Pinus species in that region, they have evolved a larger and longer bill 
allowing them access to pine seeds sometimes closed within the cone (Wenny 
2011). Due to the ability of the nutcracker to carry a number of seeds and 
sometimes cache them together (at times from different species), patterns 
of multi-trunk Pinus occur (Figure 6), creating a unique system of cross-
pollination (Tomback, et al. 1990).
Figure 6. Patterns of behavior: Multi-trunk Pinus (Tomback, et al. 1990).
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Cache Placement and Spacing
Figure 7: Caching study Linking Life Zones, Life History Traits, Ecology, and 
Spatial Cognition in Four Allopatric Southwestern Seed Caching Corvids. Image left, 
large experimental room with objects on the floor and wall; right, Clark’s nutcracker 
caching in a sand filled cup (Kamil and Balda 1990).
The study pictured above (Figure 7) found that mean spatial relationship 
and distance of cached seed may be due to social structure of a particular 
bird group, and that movements may be restricted by the presence of other 
group members (Kamil and Balda 1990). Blue jays are social birds and not as 
sensitive as other corvids to conspecific observers; this may imply that their 
cache distance would be loosely dispersed (figure 8). In a study done on the 
campus of Virginia Polytechnic Institute, blue jays were observed dropping 
their seed in one spot and then distributing them at a distance of several 
meters (Darley-Hill 1981).
Figure 8: Diagram of the distribution of cache sites used by a pinyon jay, a 
nutcracker, and a western scrub jay in a 90-hole experiment (Kamil and Balda 1990).
Pinyon jay Clark’s nutcracker Western scrub jay
Research by Dalley at al. found that Clark’s nutcrackers are sensitive to 
distance (they cache farther from an observer), but not light conditions 
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(they do not cache in shaded areas) when caching in presence of conspecifics. 
Western scrub jays are sensitive to light and will cache in shaded area when 
an observer is present (Dally et al. 2004). This implies that predictable 
species-specific patterns of caching emerge depending on social structure.  
Crows, ravens, rooks, jackdaws, jays, magpies, treepies, choughs, and 
nutcrackers all vary in caching behavior from a more secretive/protective 
method to communal caching behaviors. My thesis focuses on blue jays, 
common in Illinois, which exhibit social behavior, caching seeds in groups 
and demonstrating a preference for small to medium soft-shelled oak nuts. 
Influences on nesting availability, food supply, predation and size of caching 
area all affect patterns and rates of caching (Tornick et al. 2016). 
Habitat Preference
Blue jays show a wide diversity in habitat types from dense canopy to patchy 
woodland (Johnson and Webb 1989). They have even been noted to nest in 
openings in buildings, but their preferred nesting area is evergreen stands 
(usually spruce) or dense deciduous canopy. They are not deterred by highway 
and built infrastructure, though travel along tree corridors for protection 
from predators is preferred (Tarvin 1995). While the use of corridors for 
travel by some avian species is uncertain and may be overrated by some 
ecologists, Cyanocitta cristata is known to depend on hedgerows when flying 
from wooded areas to new food sources, both when caching and when migrating 
(Wiens 2017).
Preferred Cache Site
In observations made over a three-year period in a ten-hectare area in south-
central Iowa, blue jays showed a preference for forest edge and regenerating 
woodland and avoided open grassland when caching (though after the grassland 
was burned there appeared to be neither preference nor avoidance of the area). 
The greatest number of caches occurred in 1987 when there was a high mast 
year of greater seed production, and caches increased throughout the study 
area (see Figure 9). Jays showed a preference for cache areas with vertical 
structure such as understory vegetation, and caching was undertaken by both 
sedentary and migratory populations. When soil is soft jays push the seed 
into the ground, but when soil is hard the seed is deposited on the surface 
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and covered with leaf or dried grass debris. Jays tend to choose sites that 
protect the seed from dessication and where the seed will not rot, promoting 
germination (Johnson et al 1985). 
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Figure 9: Left, vegetation types where blue jay caching observations were made 
from 1986-1988; right, patterns of habitat used by blue jays for caching: Grass, 
WD = dense woodland, WS = scattered woodland, WT = woodland thicket, FM = forest 
mature, FE =forest edge, FG = forest canopy gap (Johnson et al. 1997).
Seed Preference
Seed availability plays a role in selection, but due to the Northern blue 
jay’s bill size, smaller seeds may be preferred. In a study of tannin levels 
and seed choice, Scarlett and Smith (1999) documented blue jay preference for 
low-tannin seeds of willow oak and pin oak. Moore (2006) finds that larger 
white oak were consumed at the same level or slightly higher than smaller 
black oaks with higher tannin levels. Ease of opening shells may also be a 
factor in seed selection, with pin oak containing a softer shell than red 
oak, which, along with larger bur oak, were avoided if another seed species 
was available. All Fageacea species, even with larger seed size, are readily 
dispersed by blue jays and larger seed species such as Juglans and Carya are 
not thought to be widely dispersed by blue jays (Moore 2006).
Scarlett and Smith (1999) observed fall seed caching and spring collection on 
the campus of the University of Arkansas. Of the 26 trees studied, blue jays 
appeared to forage mostly in Quercus trees with smaller seed such as pin, 
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willow and post, even given the larger-seeded black oak having an abundant 
crop. Retrieval in the spring strongly favored pin oak species; leaching 
during winter storage may lessen tannin levels, making pin very low in tannins 
and even more palatable during spring collection (Scarlett and Smith 1999). 
  18
Field Observations
While attending the University of Illinois, I held an apartment in the park-
like setting of Urbana, IL. In the summer of 2016 I noticed an oak seedling 
had emerged in the loosened soil at the edge of a bed of flowers at this 
residence (Figure 10). This 15 x 30 foot area had been solarized with plastic 
for several months during the summer of 2015 and planted with wildflower 
seed and fruit trees in fall 2015. Mulch was added between the flower beds 
and the soil was loosened for seed/soil contact for successful germination. 
After discovering this oak seedling I surveyed the neighborhood for probable 
seed source, and found that the closest oak tree of seed producing maturity 
(minimum of 15-20 years) was 550 feet away. Caching in this location would 
have required the crossing of two streets which would be unlikely for a rodent 
traveling by ground. We may surmise that this seedling was the probable result 
of bird caching (crow or blue jay, both prevalent in the neighborhood). I 
observed two other seedlings within two blocks: one at the Urbana Free Library 
in a sunny mulched area, and a second in mulched and shaded restaurant garden. 
It is almost certain that caching behavior by birds in park-like urban areas 
like Urbana does occur. With surface treatments and potential use of blinds to 
block observer views, this behavior potential could be guided toward a desired 
outcome. In the following pages, I explore existing conditions and how they 
can be interpreted and altered to attract and afford caching behavior. 
Chicago Analysis/Research
In comparison to more park-like urban areas such as Urbana, IL, many parts 
of the City of Chicago lacks adequate habitat for blue jay populations. City 
conditions in general deter production of seed and there are few trees of 
seed-producing maturity. Stephen Lane, ecologist with Graf Natural Resources 
Management and GIS, explains the lack of oak tree seed as a result of street 
conditions: allowable root area is greatly diminished, soil is often compacted 
and de-icing winter street salts all contribute to less productive trees. A 
Chicago random sample inventory shows that only 2.15% of City of Chicago trees 
are oaks (John Lough, City of Chicago Bureau of Forestry, 2017). My observations 
in the northside Logan Square neighborhood were consistent with these findings: 
there was little seed production and the seeds found were considerably smaller 
than seeds from the same species in Urbana, IL.
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Figure 10: Above, estimated tree 
canopy map of Urbana, IL, using 
photoshop similar pixel selection 
(tolerance 10). This map can be 
compared to canopy of Oak Park and 
Chicago neighborhoods in Figure 
12. Left, Quercus seedling that 
emerged spring 2016 in my Urbana, 
IL, garden in full sun, loosened 
soil conditions (analysis mapping 
by author).
0 2 4 kilometers N
  20
Due to low numbers of oak trees and resulting lack of food availability, 
coupled with poor canopy connectivity, jays are not found in many dense urban 
Chicago neighborhoods. Blue jays do show up in limited numbers in large urban 
parks within the city. The chain of city parks in Chicago shows migratory 
populations during late August through September when oak seeds are available, 
and again in spring months (e-bird data, Figure 11).
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Island Biogeography and Habitat Fragmentation
Island Biogeography Theory (IBT), the study of habitat fragmentation size, 
isolation, and resulting species richness (Collinge 1996), has been important 
in inspiring much research on disturbed ecosystems and conservation. While it 
is a good generalized way to see and begin to understand habitat fragmentation 
and urban conditions, this understanding can be improved by acknowledging key 
factors in species connectivity (Laurance 2007). Among the complexities of 
real-world habitat analysis, Laurance (2007) lists “matrix effects” as site 
specific impacts and ecological consequences. In evaluating the Chicago area 
for factors that can encourage or discourage bird caching behavior, it is 
important to understand connectivity to larger habitat systems, travel and 
migratory corridors of the Des Plaines River and Lake Michigan shoreline, 
impediments to safe travel such as large areas dedicated to industrial 
use with wide spans with no canopy, and interstate canopy gaps with high 
infrastructure for hawks to perch while hunting. Temperature and moisture 
levels can also have an impact on tree species survival and seed production, 
and height and foliage density can act as food source and protection from 
predation.
Figure 11 shows IBT theory applied within the Chicago area. Large isolated 
vegetated areas (city parks) act as the islands within a sea of urban 
conditions void of quality habitat for many species. If we look closer at 
the areas surrounding these parks, an urban matrix that impacts tree canopy 
connectivity, food availability and travel routes emerge. Small lot size and 
increased density leave little land for trees (figure 12), and large highway 
and industrial corridors cut through the city, creating large gaps that 
are risky for some birds to cross. In understanding the urban matrix, it 
is necessary also to consider surrounding or adjacent habitat types, human 
activities and built infrastructure that can influence species movement and 
boundary permeability (Collinge 1996). 
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Figure 11: Top, island biogeography theory and habitat fragmentation in the Chicago 
area. Ebird data shows blue jay populations August through November in the Chicago 
area when oak seeds are available (white outline depicts area hot spots), greater 
jay populations are present closer to larger habitat areas; bottom, distribution of 
habitat islands within an urban matrix (analysis mapping by author).
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Figure 12: Top, estimated tree canopy map using photoshop similar pixel selection 
(tolerance 10); bottom, in Oak Park larger lots and more open space afford greater 
number of trees and canopy connectivity. Village ordinance states that 35-45% of the 
lot area must remain open from structures or walkways. Average lot sizes range from 
3,500 to 10,000 square feet (2016 Village of Oak Park Zoning Ordinance). Noted on 
map, A. Humboldt Park, B. Garfield Park, C. Douglas Park, D. Columbus Park,  
E. Des Plaines River with forest preserve habitat system (analysis mapping by author). 
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Figure 13: Top, mapping of Columbus Park and canopy connectivity throughout Oak 
Park neighborhood to the west. Columbus Park has both sedentary and migratory jay 
populations; bottom, Humboldt Park canopy corridor is contained mostly within the 
park, with exception of some connectivity to surrounding neighborhood at the north and 
north-west corners (analysis mapping by author using Google Earth aerial imagery).  
0 1 20.5 Kilometers
0 1 20.5 Kilometers
Tree canopy connectivity with gaps 25 meters or less. Humboldt Park study area; see Figure 14 analysis.
0 .5 1 1.5 2 kilometers
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Application of Caching Behavior
Studying the history and phenomenon of caching by corvid species uncovers 
factors that, if applied to the urban environment, can influence and afford this 
mutualistic behavior. If criteria of canopy connectivity, food availability 
and proximity to larger habitat areas are met, this species can be employed 
in forming landscape. By effectively turning up one behavior (satiation to 
increase caching behavior) and turning down another (maintenance regimes 
of mowing, plus leaf and organic debris collection) this behavior can be 
encouraged in a desired area. Below is a summary and guide in how to interpret 
and apply the behavioral characteristics of caching by the Northern blue jay 
within the urban matrix.
1. Determine the existence of jay populations within the URBAN MATRIX
●  Identify larger habitat areas and migratory feeding sites 
Map forest preserves, riverways lined with vegetation, city parks and 
cemeteries, and park-like neighborhoods with greater tree canopy. Understand 
island biogeography and matrix theories in analyzing the connection of target 
area to larger habitat systems.
●  Map canopy connectivity (gaps <25m) 
Using aerial photography and GIS, map canopy connectivity of trees with gaps 
of 25 meters or less in a target area. Determine areas with expansive gaps 
such as industrial compounds and expressways that could act as impediments to 
crossing.  
●  Identify potential food sources. 
Identify food availability within the urban matrix: Determine tree and seed 
abundance related to urban conditions. Oaks are the primary food source for 
blue jays, but they also feed on insects and tree fruits. 
If it is determined that jays are present according to these key criteria 
(even in small numbers) site evaluation and mapping (step 2) can be conducted.
2. Site Evaluation and Mapping
Map the following through the use of GIS, aerial imagery, and on-the-ground 
observations:
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●  Location of seed producing trees of oak, beech and chestnut that are 
connected to the target area by canopy corridors, or within close proximity 
(<25m from canopy cover).
●  Soil/surface type; loosened soil and mulched areas are beneficial and can be 
targeted.
●  Traffic to determine pedestrian and vehicular travel and resulting soil 
compaction and necessary buffer along busy roadways.
●  Blinds of trees, shrubs and other plant material, or man-made fences and 
parked cars. Presence and frequency of observers (squirrels, birds, people, 
cats and dogs).
●  Shaded areas during caching months of August through September—this may be 
a factor in deterring or attracting caching behavior depending on the corvid 
species and social structure. 
3. APPLICATION: placement of feeder (+) and no-mow (-)
●  Determine target site and “prepare surface” (allow grass to grow up to 7” 
and let leaf litter and organic material collect). 
●  Place feeder below masting trees and satiate jays with black-shell sunflower 
seeds late August through September when oak acorns are mature but have not fallen 
from the tree. This is to increase the amount of tree seeds that each bird caches. 
Special attention can be applied to mast years of high tree seed production. 
Feeder contents can be adjusted and other tree species seed can be added to 
increase the number of seed species dispersed. Place below cover to protect from 
predators such as the Red-tailed and Cooper’s hawks, both prevalent in Chicago.
Proof of Concept
To demonstrate this design application, I focused on a section of 
Humboldt Park on the northwest side of Chicago (Figure 14). This method 
of environmental opening is a conceptual exploration and first step in the 
understanding of blue jay caching behavior in urban areas. Additional studies 
of urban caching behavior will highlight other factors that can affect and 
guide this behavior. In the following drawings, I show how caching can be 
implemented as a proof of concept and experiment in areas where guided 
succession and tree planting is desired. 
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Figure 16: Image A, west grassed area of Humboldt Boulevard, north of North Avenue. 
Surface showed some compaction from bicycle traffic; Catalpa trees line the west edge 
and access road, can be used to obstruct view from observers (photo by author).
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Future Landscape
Studies point to predictable patterns of jay behavior which are affected 
by canopy cover and connectivity, the presence of observers, seed size 
and surface type. This research project suggests the application of blue 
jay caching in urban areas where necessary criteria are met. Additional 
interventions may uncover more information on how humans can further influence 
and guide this interspecies relationship within an urban matrix and in other 
more naturalized areas.
Caching can have a variety of applications and locations such as community-
building activities in neighborhoods, in parks and on school grounds for 
ecology education and in guiding succession of disturbed areas. Within the 
urban environment, land is typically classified into three categories of 
remnant native, managed horticultural, and abandoned ruderal landscapes 
(Tredici 2010). The latter is often occupied by quick-to-establish species 
that can make it difficult for other plant species to establish. By affording 
caching, oak and other seed tree species can get a jump on invasive vegetation 
and set the stage for a host of other species to populate the area. 
Additional studies can be conducted to advance this concept, such as testing 
of satiation method and experimentation with feeder seed species. Increasing 
tree seed production by fertilization or targeting high mast years can 
eliminate the necessity of satiation feeders. The use of plant material 
or reusable flexible forms could be used as blinds to block the view from 
observers (human and other animals), and surface can be altered by seeding 
native sedge, burning surface vegetation, loosening soil, or by applying 
mulch. Further study of corridor connectivity and urban matrix can also 
increase understanding of travel paths and potential cache sites, and gaging 
human acceptance and perception of this phenomenon and new aesthetic can 
determine alterations needed to increase acceptance and visibility.  
By forming a new relationship with our environment, one of spontaneity and 
interaction, we can begin to re-see landscape and the resources that it holds. 
As Kate Orff stated in her project Oyster-Tecture, it is time for “new heroes,” 
or at the very least a view of interdependence and a shared say in how our 
environments and their ecology are formed. 
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